INTRODUCTION
For the determination of components by capillary zone elcctrophorcsis (CZE) [1, 2] , the components must be scparatcd from their matrix and rcliable linear calibration graphs with low detection limits must be obtained. For low dctcction limits, especially for components present in samples at low concentrations, large sample volumes have to be injected. In such a case, sample compuncnts must be concentrated, howvcr, in order to obtain a high resolution and adequate detection. For this reason, sample stacking is often applied, i.e., the sample is introduced at low ionic strength compared with that of the background electrolyte. Through the high local electric field strength, sample componcnts migrate wry quickly from the sampling zone. stack down in the background clcctrolytc owing to the much lower electric field strength and conccntratc in very short sample zones. During the sample stacking proccdurc scvcral interwing phenomena occur. Wang and Cthms [3] discussed the etTcct of a non-uniform clcctricat .:cld on the migration bchaviour of different satr pie ions and the effect on samplc injection in clcctrokinctic injection. Chien and Hclmer [4] reported on clcctroosmotic properties and peak broadenin; in field-amplified capillary elcctrophoresis owing to a mismatch between the dcctroosmotic flow (EOF) in the sampling zone and background electrolyte in the capillary and concluded that the broadening mechanism will be a limiting factor for sample stacking in CZE. Burgi and Chien [5-T] found the preparation of a sample dissolved in a tenfold diluted background elcctrolyte to be an optimum condition for sampfe stacking and discussed field-amplified sample injection in CZE. No attention was paid to possible pH shifts due to the presence of different electrolytes in the capillary.
As a high electroosmotic flow leads to short analysis times. a iow resolution can be the result and the linear character of the calibration graphs vanishes. In this paper the cffcct of sample stacking on resolution. calibration graphs and pH shifts with the injection of long sampling zones at low concentrations is considered. 
KESU!_TS AND DISCUSSION
In sample stacking a long sampling zone at low ionic strength compared with that of the background clcctrolytc is introduced in a zone elcctrophorctic system. through which the local clcctric field strength will be very high compared with that 9f the background clcctroiytc. In Fig. la 
and for the clcctric field strengths in the zones S and B. rcspcctively: \\hcrcby i ;,,f , 3 tt;c totnf applied wltagc (1') cxxr the c;rpitl;try with length l.,. t;oi ;!I1 ~iiI~l~l~tti~~tlS 3nd csporimenIs the compwtiot~ of the background clcctrolylc I3 and the diliilion l:~lor K arc given. where K is the ratio of the concentrations of tho background clcctrolytc B and diluted background dcctrolytc S. which is approsimatcly equal ta the ratios Es/& und &P,,, From cqns. 1 and 2 it cnn bc concluded that for increasing values of s and cjs, 'I'~~~;,,,,, will bc dctormined to an increasing cxtcnt by the properties of the diluted background clcctrolyto in the sampling zone S. Tbc migration times fl of the front and ir ot the backside of the sampling zone S to rca& the dcte~or can be calculuw~ according to tion of the cathode) will migmtc quickly out of the sampliny: zone und stuck down bctwccn sampling zone S and background clcctrolytc B (see Fig. tb) . After a short conccntrution tinrc f,,r sumplc componcnt i will bc conccntrutcd to a wry short zone. with tcngth I,.,,, (SCC Fig. 1 b) the calculated and measured values show good agreement. It is notable, however, that the migration times of imidazole and histidinc, with a large difference in ionic mobility (52,0 • 10 -9 and 29.6 • 10 "° m2/V -s, respectively) hardly differ and they cannot be separated by injecting large sample volumes, They migrate just before the front of the sampiing zone S (tt).
Although with the foregoing model no resolution factors can be calculated, because peak broadening effects due to injection and the mismatch between the velocities of the EOF in sampling zone and background electrolyte are unknown, the ratio dttma/&~, can be calculated and handled as parameter tbr the separation etficieney of two components with an average migration time tax-As an example, in Fig. 4 the calculated relationships, using the toregoing eqn, 6, between dtto, a/tAv and injected length are given using measured values of the mobilities of the EOF tbr several dilutions of a background electrolyte pro.02 M Tris-0,02 M MES for two components with ionic mobilities of 50 -10 -') and 30 -10" o m:/V • s, showing a dramatic decrease in separation efficiency on injecting large amounts of very dilute samples. The reason tbr this effect is easy to understand. The injection of a large samptc volume reduces the e!~ective separation length and the cffec-• rive electric field strength over the background electrolyte B diminishes because the largest part of the applied voltage stands over the sampling zone, whereas the velocity of the EOF generally increases because the mobility of the EOF over the sampling zone is high, For K = ! these effects seem to be negligible, but no concentration effect occurs. Note that in practice the resolution will be even more decreased than indicated in Fig. 4 owing to extra peak broadening effects. To show the el'lect of decreasing values of the mobility of the EOF, in sample dissolved in background clcctrolytc tmcusued from the rear side of the zones) were fairly constant, indicating constant migration vclocitics, through which temporal peak area can bc handled in the calibration graphs, All peaks were rcctangular owing to the absence of any concentrating c%xt and both temporal peak area and zone lengths show it lincar relationship with injection times. In Fig. ? A the rclutionships bctwcon mcusurcd temporal pcuk area and injection time arc :;ivcn for histidinc and imiduzolc dissolved in wutcr and in background clcctrolytc und applying 11 constant volt:tgc of 10 kV. Far the samples dissolved in background clcctrolytc lincnr relationships arc obtained, whereas the aqueous solutions dcviatc from linearity, cspcciuily for large injection times. To study the cfI&t of working at a constant voltage compitrcd with a constunt direct current, WC rcpcated the expcrimcnts ir! Fig. 7A but applying a constant current of 5 J&A.
The calibnttian graphs iire shown in Fig. 78 . The non-linearity for the aqueous sample solutions was much stronger because at a constant current the clcctric field strengths incrcusc, resulting in much higher vclocitics of tile EOF.
boundaries bctwccn clcctrolytcs I und 2 can bc cxpcctcd, as indicated in Fig. 8 by dotted lines. The size of the pH shift is difficult to define and dcpcnds on scvcral factors, such as the length over which the citpillary is fitted with clcctrolytc 2, time of analysis, pli of the system and butTcr capacity. At, e.g.. a pH of 6 or higher the bufTcr capacity will bc sufficient to compcnPatc for the smull diKcronccs in the entering and Icuvitg fows of the hydrogen ions, but ut low pH problems can bc oxpcctcd bccuusc the dit%r-cnccs will bc much larger, In sample stacking, WC will have gcncrully cusc C. whcrcby clcctrolytc I is a buckground elcctrolytc at high concentration and the siimplc is introduced in it large zone at low concctrtration, If it long Sampling zone is introduced, the conccntrution time of the components will bc long and if during thut time the pH at the rear side of the sampling zont incrcascs, through which weak cutionic spccics uc- , 13c*,Acr.~ aml 31. 1". ,.h l~crttum.~ . J. ('luomatogr. 620 , 1'9(,~3 )'1 3" quire a lower mobility, the concentration ett'cct will be lost, In such instances bad peak shapes can be the result, Even double peaks were obtained on the electropherograms, Applying field-ampl;fied CZE, the sample components are introduced behind an electrolyte at low concentration (electrolyte 2L To indicate that pH shifts can occur and can lead to a different migration behaviour and bad peak shapes, several electropherograms are given tbr the separation of a solution of 0.0005 M in water of ( 1 ~ creatimnc and t 2 clcnbutcrol applying different electrolyte systems.
At pH 4 clenbutcrol can be considered to be completely protonated whereas creatinine is partially protonated and small pH changes will change its effective mobility considerably (its pK value is 4.83). The electrolytes applkxl are always solutions of 0.02 and 0.002 M Tris, both adjusted to a pH of 4,0 by adding formic acid. The electrolyte at a concentration 0.02 M Tris formate will be indicated by H and that ~t eoncenmttion of 0,002 M Tris formate by L The electrophcrograms in Fig. 9 are labelled with a letter system, in which the first and last letters indicate the applied electrolyte in the cathode and anode compartments, res'pectivety, and the underlined letters indicate the capillary content. Hence. the label HHLH means that the cathode compartment is lilicd with electrolyte H. the capillary is t~r-tiaily tilled with electrolyte H on the cathode side and with electrolyte L on the anode side and the anode compartment is tilled with electrolyte H.
In Fig, q , the dc-ctropherograms HHH and LLL me given for application of normal CZE systems with the ch,-ctrolyte H and L. rcsptxtively, and in both electrolytes creatinine shows a higher effecti~,,e mobility than clenbuterol, if the ~athode compartment and separation capillary are tilled with electrolyte L ;Mid the anode comp;q2naenl with electrolyte H (ch.'ctropherogram LLH). the E gradient at the rear side is much lo,~e,, ~.hrougl~ which the hydrogen flow entering at tt:e rear sitar: is too small to maintain a pH of 4 and the pH in the separation capillary will increase. In the electropherogram the migration order of clenbuterot and crcat~ninc is reversed, confirming the pH shiti. In the electropherogram HHLH, ficld-amplilicd CZE ~as applied. The separation capillary was partially filled with ch.'ctrolyte L and the sample was introduced between electrolyte L and H (anode compartmentL In zone L a pH increase can be expected, through which clenbuterol and creatininc migrate in the reverse order again. I f. however, the anode compartment is also filled with electrolyte L {electrophcro-gram HHLL), the pH of electrolyte L will be constant and clenbuterol and crcatinine again migrate m the normal order, From Fig. 9 it can be concluded that the presence of different electrol:'tcs in the capilla:y and electrode compartments, e.g., in sampie stacking or field-amplified CZE, can lead to pH shifts ..... ;.-~ -,~;a', ...... migration order, bad peak shapes and loss of separation power.
